INTRODUCTION

1
The Gamma-ray spectrometer method for the determination of naturally radioactive materials is big interest in environmental and Earth's sciences [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . There are a number of possible applications spanning from ore exploration to environmental radiation monitoring problems, most of them involving the determination of the U, Th, and K amount in soil and rocks [14] . These elements may be used as tracers also in non-radioactive processes producing Para genesis associated with naturally occurring radioactive materials (NORMs) [15] . The main objective of this study was to identify and determine natural radionuclide concentrations in soil samples collected from Najaf city.
MATERIALS AND METHODS
Eleven soil samples are collected from Najaf city as shown in Fig. 1 . These regions are Alansar-Najaf (7 samples), Alfateh-Hurya (3 samples), and AlrashadiaKufa (1 sample).
Figure. 1. The administrative Najaf city map with sampling sites
The samples were dried, homogenized, and weighted. Each sample (1 kg) was sealed in Marinelli beaker. Gamma spectroscopic measurements using a NaI (Tl) scintillation detector (1.76" × 1.56") and a leybold cassy lab multichannel analyzer (Pocket-CASSY 524058) were performed. The detector is surrounded by a lead shielding in 5 Th were calculated based on the average activities of their respective decay products (Table 1) [10, 16, 17] .
The specific activity is defined as follows [18, 19] :
where Net Area= Net area under energy peak (count). B.G = the number of counts for the background spectrum, ε = the absolute efficiency of the detector,  P is the gamma-ray emission probability, and M = the weight of the dried sample (kg). K generate the same gamma-ray dose rate [21] . The maximum value of Ra eq must be less than 370 Bq kg −1 for safe use as recommended by the Organization for Economic Cooperation and Development [22] .
Radiological hazard index
Air-Absorbed Dose Rates
The absorbed dose rates in outdoor air (D R ), at about 1 m above the ground surface were calculated. The conversion factors used to compute absorbed gammaray dose rate in air corresponds to 0. 
Annual outdoor effective dose equivalent
To estimate the annual outdoor effective doses (ED), the conversion coefficient from absorbed dose rate in air to effective dose (0.7 Sv Gy -1 ) and the outdoor occupancy factor (0.2) are used [14] . The effective dose equivalent rate is calculated from the following equation [20] .
External hazard index (Hex) Radiation exposure due to 226 Ra, 232 Th and 40 K may be external. This hazard, defined in terms of external or outdoor radiation hazard index and denoted by H ex , can be calculated using the following equation [20] :
Internal hazard index (Hin) Internal hazard index (H in ) is given by the following equation [20] : Hin = CRa/185+ CTh/259+ CK/4810 ≥ 1 (6) H in must be less than one for safe use of samples and for the radiation hazard to be negligible. Table 3 , which are less than the 370 Bq kg -1 recommended maximum levels of radium equivalents in soil [22] . Therefore, the soil is suitable for use for agriculture and building materials. The average absorbed dose rate is 163.57±0.56 nGy h -1 for soil samples. This value is about three times higher than the world average dose rate of 55 nGy h -1 [14] . The outdoor annual effective doses ranged from 0.06 to 0.50 mSv y 232 Th, and 40 K measured in soil samples suggest their suitability for use as building materials. The levels of natural radioactivity in the study areas were within normal values (H ex and H in < 1), except those in ANS2, ANS5, FAT2, FAT3, and ALRASHADIYA samples. The average absorbed dose rate calculated from the soil samples was 164 nGy h -1 . This value is about three times higher than the world average dose rate of 55 nGy h -1 . The high concentration of radium found to be in FAT3 and thus to consider the main reason for the presence of radon gas, which of role causes a direct radiation exposure by inhalation and thus the high concentration of thorium. The excessively use of chemical fertilizers and insecticides in FAT3 site, that contain high levels of radioactive isotopes.
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